We consider a cosmic-ray muon model in which a "directly produced" muon component with the same slope as the primary spectrum is added to the conventional pion-derived muons. It is found to be consistent with recent burst measurements, horizontalair-shower data, atmospheric gamma-ray fluxes, and muon spectrograph measurements. It may also explain the anomalous mu-less air showers. The model requires that the photonuclear cross section increase at very high energies. Fits to the angular distributions. -Muon intensities at zenith angles~and slant depth h, measured to the top of the atmosphere, were derived from our spectrum, using be ff from Fig. 1 . Predictions for the ratio 1(h, 8)/I(h, 0) for R = 0.04, 1089
The first observations with the Utah neutrino detector' indicated that cosmic ray muons with energies 10'2 eV do not show the full sec~en-hancement to be expected if they were the progeny of pions and kaons produced in the upper atmosphere. Instead, they behave as though a significant fraction of them were produced directly or via a short-lived intermediary.
Such a. process (which we call the X process) would lead to a muon spectrum flatter by one power of E than a spectrum of muons derived from pions and kaons. In this paper, we investigate the consequences of adding a flat component to the usual muon spectrum. The intensity of this component required to fit our angular distributions (about 2 /o relative to pions) implies a cross section -100 ub. The spectrum resulting from this fit is found to be in agreement, from 10" to 10" eV, with a wide variety of cosmic-ray observations, with one exception we know of; in addition, this model could account for the heretofore unexplained phenomenon of the mu-less air showers at 10" eV via Xprocess electrons.
The muon spectrum. -The specific form of the differential muon spectrum assumed was M(E) = C E r K(E, 8) (Fig. 3, lower left) Fig. 3 . The mu-less shower rate is obtained from the primary cosmic-ray intensity multiplied by the quoted relative abundance of mu-less showers, taking into account the different curves for electron-and nucleon-initiated showers. The flags on the points are very hard to estimate.
Discussion. -It is clear that our spectrum fits a large class of cosmic-ray phenomena rather well, especially in view of the constant slopes assumed for the r, K, and primary components.
A slight steepening of the slopes at high energies would be altogether reasonable and would improve the fit, as would a slightly smaller R.
To explain a muon spectrum as flat as ours in terms of pions and kaons would appear to require a primary pion spectrum flatter than the primary proton spectrum and would lead to a contradiction in the slope of the atmospheric z-ray spectrum. Alternatively, to invoke a large anomalous interaction cross section of the muons to produce the bursts would conflict with the depthintensity relation.
According to Bjorken et al. , '6 the most promising models for the X process involve the strong production of a massive particle X which is stable under strong and electromagnetic interactions and decays with high probability into a state containing a muon. X could be the intermediate boson, produced strongly in pairs, or it could be an integral-charge SU(3) triplet. If, as seems likely, the X process transfers a large fraction (say, 2) of the primary energy to the muon, the cross section can be estimated from the fact that the X-muon flux is about 10 ' times the primary flux at the same energy. The cross section is -100 pb. Figure 1(a) shows a, schematic diagram of the experiment. The rotor R was spun inside the evacuated metal chamber V by an air -supported, air-driven turbine T situated below V. The thin flexible shaft 8 which connects the turbine to the rotor passes through the electrically insulated vacuum-tight oil glands G, and G2. This scheme for supporting and driving high-speed rotors in a vacuum has been previously described; so the mechanical details will not be given. " Electrical connection with the rotor was made through a mater-cooled liquid-mercury contact with the shaft at M. The rotor, the vacuum chamber, bearings, turbine, etc. were all nonferromagnetic. This simplified the compensation of the earth's magnetic field at the rotor by a large Helmholtz coil which surrounded the apparatus.
The turbine drive was so designed that the direction of rotation could be reversed. The vacuum chamber and the electrical and oil shields were made of metal and were grounded. Figures 1(a) and 1(b) show a schematic cross section (not to scale) and top view of the rotor which is machined in the form of a cross. The rotors were 15 cm in diameter and 2 cm thick, and the cross arms were 2 cm wide. The rotating parts were electrically insulated from the stationary parts by vacuum-pump oil and neoprene 0 rings in Gã nd G, and the Bakelite-supported air cushion H beneath the turbine. A thin, light metal disc D insured that the small quantity of vacuum-pump oil leaking through Gg could not reach the rotor.
The chamber V was evacuated by an oil diffusion pump and forepump through a liquid-nitrogen trap. Variable emf's generated in the liquidmercury contact with the shaft at first gave considerable trouble, but the problem was finally solved by using a very small needle of copper or
